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(57) Abstract 

A vane-type rotary fluid displacing device (1) 
including an external member (2) co-operating with 
an internal member (3), the members being rela- 
tively rotatable about a common axis, the external 
member (2) having an internal peripheral surface 
and the internal member (3) having an external pe- 
ripheral surface, the surfaces being opposed, one 
of which peripheral surfaces has a sinuous profile 
(9) additionally including first and second arcs (10, 
11), the other peripheral surface having a substan- 
tially circular profilem wherein said member hav- 
ing the substantially circular profile has at least one 
diametrically opposed vane (12) slidably received 
therein; said first arc (10) having a radius of curva- 
ture fractionally greather than a distance from the 
axis of rotation to said external peripheral surface 
of said internal member, said second arc (11) hav- 
ing a radius of curvature larger than that of said 
first arc (10) by the extent of the maximum excur- 
sion of said vane (12) beyond said other peripheral 
surface; wherein said vane (12) is adapted to contin- 
uously contact and sweep the peripheral surface of 
the other member, such that upon relative rotation 
of the members, the or each vane (12) slides in the 
member having said other peripheral surface as the 
vane sweeps said one peripheral surface; wherein 
the or each vane (12) together with said peripheral 
surfaces form a plurality of chambers (20), and an 
inlet (4) provided in one said chamber and an outlet 
(5) provided in another said chamber whereby, in 
use, fluid may be drawn into said one chamber (20) 
by the sweeping action of said or each vane. 
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POSITIVE DISPLACEMENT PUMP 
FIELD OF THE INVENTION 

This invention relates to a positive displacement pump. A pump in 
accordance with the invention is particularly suitable for pumping liquids with 
5 entrained detritus or like matter, for example slurries, effluent or bilge water. A 
pump in accordance with this invention is also particularly suitable for 
functioning as a ventricular assist device. It will be convenient to hereinafter 
describe the invention with reference to the example uses mentioned above, 
but it is to be appreciated that the invention is capable of broader application. 

10 BACKGROUND OF THE INVENTION 

A known vane pump is made by providing a housing with a sinusoidal 
contour, one sine wave being performed by a point locus. As the point rotates, 
the centre around which the point executes its simple harmonic motion (SHM) 
is also the centre for a cylindrical rotor of the pump. Such a pump has been 

15 described in my earlier Australian Patent Specification No. 423669 (43288/68), 
the entire disclosure of which is incorporated herein by reference. The 
specification discloses a fluid displacing machine or pump having a rotor 
member and a stator member relatively rotatable about a common axis. One of 
the members has a peripheral profile that is sinuous, opposed to which the 

20 other of the members has a peripheral profile that is circular. The contour of 
the sinuous profile generates an odd number of evenly spaced chambers. A 
feature of the sinuous profile is that the diametral distance between its opposite 
profile surfaces is constant. At least one diametrally disposed vane is slidably 
mounted in the circular member and is adapted to sweep the sinuous profile of 

25 said one member on rotation of the circular member, there being inlet and 
outlet passages leading into and out of each chamber respectively, whereby 
upon relative rotation of the members pumping and/or compressing action is 
promoted. 

Furthermore, sealing means between the vane and the sinuous profile, 
30 and pressure-assisted sealing and automatic wear take-up means for the 
relatively moving surfaces of the machine are disclosed. 
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The formula for a curve described by a point P, performing n simple 
harmonic motions as it rotates in a complete circle around a centre O is derived 
below with reference to Figure 1 of the accompanying drawings which is an 
amended version of Figure A of AU 43288/68. 
5 Let r, be the radius vector defining the position of P, the centre of 

curvature of the vane end. 

b = Radial distance from centre of rotation to mean position S of the 
S.H.M. of point P. 

a = Radial distance to nearest point of S.H.M. 
10 = Angle of deflection of rotating radius from the datum line O-J. 

The broken line in Figure 1 indicates the curve drawn by point P 
performing 3 S.H.M.'s while rotating in one complete circle (ie. n=3). 

Consider point P as commencing its motion at J. As it rotates an angle 9 
from the datum line about o the point N - whose projection on the radius vector 
15 defines the S.H.M. - rotates through an angle 3G. 

Let r 1 = OP = OS + SP (1) 

Now angle X-S-N= 39-90° 

.-.angle S-N-P = 39-90° 

sin (S-N-P) = SP 
20 SN 

ie sin (39-90) = SP = cos 39 
SN 

.-.SP = SN cos 39 
Now SN = SM = OS - OM 
25 And OS = b, OM = a 

.\SP = b-a cos 39 (2) 

Substitute (2) into (1): 
^ = b + (b-a) cos 36 



30 Should the vane ends be in the form of an arc the formula for the 

housing contour which would ensure that part of the arc surface and the 
housing are in close contact is more complicated as described in more detail in 
AU 43288/68 and incorporated herein by reference. 
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However, if the housing is machined with a rotary cutter whose centre 
follows the simple formula and whose radius is the same as that of the arc on 
the vane end, then the housing will conform to the required shape. 

It is a disadvantage of a housing contour of the shape described that it ■■ 
5 has a limited area of the close contact with the circular member or rotor thus 
increasing the likelihood of fluid escaping past the contact area and leaking into 
another chamber of the pump. 

Accordingly, it is an object of this invention to provide a simple and 
efficient vane pump which at least partially overcomes this disadvantage. 
10 SUMMARY OF THE INVENTION 

According to the present invention, there is provided a vane-type rotary 
fluid displacing device including an external member co-operating with an 
internal member, the members being relatively rotatable about a common axis, 
the external member having an internal peripheral surface and the internal 
15 member having an external peripheral surface, the surfaces being opposed, 
one of which peripheral surfaces has a sinuous profile additionally including first 
and second arcs, the other peripheral surface having a substantially circular 
profile, wherein said member having the substantially circular profile has at 
least one diametrically opposed vane slidably received therein; 
20 said first arc having a radius of curvature fractionally greater than a 

distance from the axis of rotation to said external peripheral surface of said 
internal member; 

said second arc having a radius of curvature larger than that of said first 
arc by the extent of the maximum excursion of said vane beyond said other 
25 peripheral surface; 

wherein said vane is adapted to continuously contact and sweep the 
peripheral surface of the other member, such that upon relative rotation of the 
mem bers, the or each vane slides in the member having said other peripheral 
surface as the vane sweeps said one peripheral surface; 
30 wherein the or each vane together with said peripheral surfaces form a 

plurality of chambers; and 
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an inlet provided in one said chamber and an outlet provided in another 
said chamber whereby, in use, fluid may be drawn into said one chamber 
through said inlet and discharged from said other chamber through said outlet 
by the sweeping action of said or each vane. 
5 In the fluid displacing device there is an area of very close juxtaposition, 

such as between about 0.125 to 2 mm, or substantial contact, between the 
circular member and the housing contour. A larger area of contact or close 
juxtaposition between the circular member and the housing contour is desirable 
because the greater the contact area, the less fluid is likely to escape past the 

10 contact area and the easier it is to seal the chambers from each other. A larger 
area of contact can be achieved if two arcs, radial to the rotor centre are 
inserted into the housing contour. One arc has a radius fractionally larger than 
that of the rotor and the other arc has a radius larger than that of the said one 
arc by the extent of the maximum excursion of the vane beyond the rotor. The 

15 radial arcs are connected to each other by two half sine waves. Each half sine 
wave is defined by the formula r=b+(b-a)Cos n0 where these terms are to be 
understood as they have been previously defined, n represents the number of 
sine waves the point P could perform in one rotation in the absence of the 
radial arcs. For example, should each arc subtend an angle of 90° at the 

20 centre when two sine waves could be performed by the point P in the absence 
of the arcs and the formula for the half sine waves becomes r=b+(b-a)Cos 20. 
Or, if, as in Figure 1, three sine waves could be performed by P, the formula 
becomes r=b+(b-a) Cos 36. The enlarged area of contact between the housing 
and rotor allows the pump to function with moderate separation between these 

25 surfaces. 

Accordingly, there is provided a vane type rotary fluid displacing machine 
comprising an external member such as a housing cooperating with an internal 
member such as a rotor. The members are relatively rotatable about a 
common axis, the external member having an internal peripheral surface and 
30 the internal member having an external peripheral surface, the surfaces being 
opposed. One of the peripheral surfaces has a sinuous profile to which has 
been added two arcs each having a radius taken on the centre of the rotatable 
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member, one arc having a fractionally longer radius than that of the rotatable 
member. The opposite arc has a radius larger than that of said one arc by the 
extent of the maximum excursion of the vane beyond the rotor. The other 
peripheral surface has a substantially circular profile having at least one 
5 diametrally opposed vane slidably mounted therein and adapted to 
continuously contact and sweep the peripheral surface profile of the other 
member to form chambers, so that upon relative rotation of the members the or 
each vane slides in the circular member as the vane follows the peripheral 
surface profile. Inlet and outlet passages lead into and out of each chamber, 

10 whereby fluid is alternatively drawn into and discharged from the chambers by 
the sweeping action of the vane or vanes. 

Optionally the external member may be movable relative to the internal 
member. Typically any such movement would be restricted to movement in a 
radial direction. This permits separation of the rotor from the housing when for 

15 example solid material is forced between the adjacent surfaces of the rotor and 
housing, without obstructing operation of the pump. Relative movement of the 
external and internal members is particularly advantageous where the pump is 
used for pumping fluids containing debris or detritus, for example, pumping 
bilge, sewage, sludge etc. 

20 The relative movement of the external and internal members is less 

important, and in some cases, undesirable, where the pump is being used as a 
ventricular assist device. In this application, the fluid being pumped is blood, 
which does not normally contain detritus. Furthermore, a moveable housing 
may result in leakage of fluids from one chamber to another. 

25 Further, resilient biasing means may be provided for returning the 

housing to its original position when the obstruction has been removed. 
Typically, straps, springs or even the force of gravity may be used to bias the 
housing back to its original position. In one embodiment, the pump's housing 
is spring loaded to allow the passage of relatively coarse debris, such as up to 

30 5mm, between the rotor and the housing, after which the housing is biased 
back to its original position. 
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It is preferred that the rotor abuts or is adjacent to the peripheral surface 
profile of the housing along said one arc and that the inlet and outlet ports are 
placed respectively before and after said one arc. 

It is further preferred that rollers are placed at each end of the vane to 
5 reduce wear of the vane tips. 

The present invention also provides a ventricular assist device including 
a pump as defined broadly above. Such a ventricular assist device may 
incorporate any one or more of the optional features defined above. The 
device may be used as a left ventricular assist device or for use in total cardio- 
10 pulmonary bypass. The device may even be used as an artificial heart. 

One embodiment of a ventricular assist device includes an integral 
housing and does not include means facilitating movement of the external 
member relative to the internal member or rollers at each end of the vane. 

In a preferred form, the inlet and outlet passages of a ventricular assist 
1 5 device project away from the housing substantially parallel to each other. 

The ventricular assist device may be located external to the patient. This 
would typically occur where the device was only being used as a "bridge to 
transplantation" or in acute treatment for a failing heart. 

Alternatively the ventricular assist device may be implanted into a 
20 patient, for example in the thoracic cavity or abdomen. It is envisaged that an 
implanted device could be driven by an electro-mechanical actuation means 
which transfers energy transcutaneously via an inductance loop. 

The present invention further provides a pump defined broadly above 
when used as a ventricular assist device. Such a pump may include any one or 
25 more of the optional features defined above. 

It is preferred that the materials from which the ventricular assist device 
is made are biocompatible and exhibit low wear. The vane is preferably 
constructed from Teflon (TM) dispersed in acetal resin, the rotor from Teflon 
glass (ie polytetrafluoroethylene impregnated with 25% glass fibres), and the 
30 housing from polycarbonate. 

Teflon glass is advantageous due to its very low water absorptive' 
properties, ie less than 0.01 ml/g/24 hr immersion. Teflon dispersed acetal 
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resin and polycarbonate also have low water absorptive properties at 0.06 and 
0.15 ml/g/24 hr immersion, respectively. The wear and thermal expansion 
properties of these materials are also beneficial. Acetal resin impregnated with 
20% Teflon moving against polycarbonate (under standard conditions) results 
in a wear factor of 26 for the stator surface and 380 for the moving surface. 
The coefficients of expansion of Teflon glass, Teflon dispersed in acetal resin 
and polycarbonate are 10, 11 and 12 m/m/°C x 10" 5 , respectively. 

The ventricular assist device may be driven in a continuous mode or a 
pulsatile mode. In the pulsatile mode, the pump operates so as to simulate 
normal systolic and diastolic periods of a natural heart. 

The invention also extends to a pump having a housing defining two 
chambers each of which has a rotor and vane arrangement associated 
therewith. It is preferred that the two rotors are driven by the same drive means 
via a single drive shaft. 
DESCRIPTION OF DRAWINGS 

A pump according to the invention may take any one of a variety of 
forms. It will be convenient to hereinafter describe the invention in greater 
detail by reference to two particular embodiments thereof as shown in the 
accompanying drawings. The particularity of these drawings is not to be 
understood as superseding the generality of the preceding description. 

In the drawings: 

Figure 1 is a schematic view of a curve made by a point P performing 
three simple harmonic motions while rotating in a complete circle about O. 

Figure 2 is a schematic view of a pump in accordance with a first 
embodiment of the invention; 

Figure 3 is a perspective view of the pump of Figure 2 assembled; 

Figure 4 is a cross-sectional view of the pump of Figure 3 taken across 
its axis; 

Figure 5 is a cross-sectional view of the pump of Figure 3 taken along its 

axis; 

Figure 6 is a cross-sectional view through a pump in accordance with a 
second embodiment of the invention, taken across its axis; 
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Figure 7 is a perspective view of the pump of Figure 6; 
Figure 8 is a cross-sectional view taken across the axis of a variation of 
the pump of Figure 6; and 

Figure 9 is a cross-sectional view taken along the axis of the pump of 
5 Figure 8. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The pump in accordance with the first embodiment shown in Figures 2 to 
5 is described immediately below. 

10 The pump 1 includes an external member which is a housing 2 within 

which an internal member which is a rotor 3 is received. A vane 12 is located 
slidably within the rotor 3. An inlet 4 directs fluid to be pumped into the housing 
2 and an outlet 5 spaced from the inlet 4 on the housing 2, directs pumped fluid 
out of the housing 2. Figure 2 shows the inlet 4 and outlet 5 projecting radially 

1 5 outwardly away from the housing 2. 

The housing 2 is in the form of a flattened cylinder having two major 
surfaces 6 and 7 separated from each other by a substantially cylindrical wall 8. 
The cylindrical wall 8 is slidably mounted between the major surfaces 6 and 7 
by means of bolts 16. As shown in the drawings each end surface 6 and 7 may 

20 have a cover mounted thereon which is removable from the remainder of the 
housing 2. Each cover may have a poly-tetrafluoroethylene facing which abuts 
against the wall 8. 

The housing 2 has an internal peripheral surface configured as a 
sinuous profile 9 to which has been added two arcs. A first arc 10 has a radius 

25 taken on the centre of the rotor 3 and fractionally longer than the radius of the 
rotor 3. The second arc 1 1 has a radius taken on the centre of the rotor 3 and 
longer than the first arc 10 by the extent of the full excursion of the vane 
beyond the rotor 3. Each arc subtends an angle of about 90°C. The two arcs 
10, 11 are separated by half sine waves. The length of the arcs 10, 11 is 

30 arranged to suit the application for which the pump 1 is intended. The profile 9 
is configured such that a fixed length vane 12 may be used, each end of which 
continuously contacts the housing profile as the vane 12 rotates. 
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In the pump shown in the drawings, the vane 12 has cylindrical rollers 13 
at each end thereof to reduce wear thereof. However it is to be appreciated the 
feature of the rollers 13 may not be incorporated in some embodiments of the 
invention. 

5 The housing 2 may include support means 15 for supporting the pump 

on or anchoring the pump to a support surface. For example, as shown in 
Figure 3, such support means 15 may be in the form of an L-shaped bracket. 

The pump may include means facilitating some limited movement of the 
housing 2 relative to the rotor 3 in a radial direction. For example, the pump 
10 may be adapted, via the arrangement of bolts 16 fastening the end covers to 
the wall 8, to permit movement of the wall 8 in the direction indicated by the 
arrow A (Figure 2). That is, the housing 2 is able to move radially apart from 
the rotor 3 at the area of very close juxtaposition between the rotor 3 and the 
housing 2 (i.e. at arc 10). This movement may occur in the event of excessive 
15 pressure or during the entrapment of debris between the rotor 3 and housing 2. 
This feature results in the pump being able to pump fluids containing entrained 
foreign matter and the outlet 5 can be obstructed without, or with minimal, 
damage to the pump. 

Resilient biasing means in the form of springs 17 may be provided to 
20 return the wall 8 of the housing 2 to its original position relative to the rotor 3. 
As shown in the drawings such springs 17 may be passed between two bolts 
16 around the wall 8 so as to urge the wall 8 back to its original position. Each 
end of spring 17 is hooked onto the shaft of a bolt 16. Typically such 
displacement of the wall 8 away from the rotor 3 is caused in the first instance 
25 by excessive pressure, entrained detritus or the like. 

As is indicated in the drawings, the inlet 4 and outlet 5 are typically 
positioned on either side of the shorter arc 10 of the housing 2. 

The rotor 3 is drivably coupled to a drive shaft 18 which in turn is coupled 
to a drive means (not shown) which may take any suitable form. The shaft 18 
30 is supported on bearings 19 which locate the rotor 3 within the housing 2. 

In use, the rotor 3 shown in Figure 2 is rotated in an anti-clockwise 
direction by the drive means. Obviously other rotors may be rotated in a 
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clockwise direction. As it rotates, the vane 12 sweeps the internal peripheral 
surface profile of the housing 2. The vane 12 slides in the rotor 3 as opposed 
ends thereof maintain continuous contact with the internal profile 9 of the 
housing 2. The vane 12 together with the rotor 3 and the internal profile 9 of 
5 the housing 2 define a plurality of chambers 20. Fluid is drawn into each 
chamber 20 through the inlet 4 and forced out through the outlet 5 by rotation of 
the rotor 3 and associated vane 12. In this manner a positive displacement 
type pumping action is effected. 

Two pumps in accordance with a second embodiment of the invention 

10 are shown in Figures 6 to 10. Unless otherwise indicated the same reference 
numerals in these drawings refer to the same components as in Figures 2 to 5. 
The structure and function of these pumps is very similar to that shown in 
Figures 2 to 5 and the following description focuses on the differences between 
the two embodiments. 

15 The pumps shown in Figures 6 to 10 are designed for use as a 

ventricular assist device (VAD). The pumps are compact. The housing 2 of 
each pump is of polycarbonate, the rotor 3 of teflon and fibreglass, and the 
vane 12 of teflon dispersed in acetyl resin. Naturally however other biologically 
acceptable materials may be used for these components. 

20 The pumps are designed for use both as an external ventricular assist 

device and as an implantable and thus internal device. In use as an external 
ventricular assist device, the pump may act as a "bridge to transplantation" or in 
acute treatment for a failing heart. In its application as an implantable device, 
the pump may act as a functional replacement for the left ventricle of the heart. 

25 When such a device is implanted, electro-mechanical actuation means may be 
used to achieve transcutaneous energy transfer, for example via an inductance 
loop. 

It is to be noted that the pumps shown in Figures 6 to 10 do not include 
means for facilitating movement of the housing 2 relative to the rotor 3. Further 
30 it is to be noted that the pump shown in Figures 9 and 10 does not have rollers 
13 at each end of the vane 12. 
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In use, the pumps illustrated in Figures 6 to 10 function in substantially 
the same way as the pump illustrated in Figures 2 to 5. Figures 8a, b and c 
illustrate the principle of the pump's action. 

In Figure 8(a) (b) and (c) the pump 1 is illustrated with the rotor 3 and 
5 vane 12 rotating in a clockwise direction. Figure 8(a) shows blood (indicated as 
shaded area) being drawn into the inlet 4 by the action of the vane 12. As the 
leading end 12a of the vane 12 passes the inlet 4, it creates a zone of low 
pressure in the chamber 20a which draws blood into chamber 20a. With further 
rotation of the vane 12, the trailing end 12b (Figure 8(b)) passes the inlet 4, 

10 thus sealing the blood in chamber 20a. The blood filled chamber 20a is moved 
towards the outlet 5 with further rotation of the vane 12, and the blood is 
expelled through the outlet 5. 

Although such a pump is not illustrated in the drawings, it is to be 
appreciated that a modified pump having two pumping mechanisms driven by 

15 the same drive shaft could be used as a biventricular assist device. The two 
pumping mechanisms could be adapted to have different stroke volumes by 
appropriate configuration of the respective surface profiles 9. Naturally a 
biventricular assist device could function as a total artificial heart. 

It is an advantage of a pump of this design that it provides improved 

20 sealing between the rotor and the internal profile of the housing. This is 
achieved by the inclusion of arcs in the profile of the interior surface of the 
housing. In particular, the arc with the smaller radius of curvature enables a 
relatively large area of contact between the rotor and the internal peripheral 
surface of the housing, which lessens the possibility of fluid leaking past the 

25 area of contact. This in turn improves the seal between chambers in the pump. 
Further the configuration of the internal profile of the housing so as to provide a 
constant diametral length through the rotor centre allows fine clearances 
between the vane and the housing. 

It is a further advantage of a pump of this design that the stroke volume 

30 can easily be changed to suit different applications. Further it has a relatively 
simple and compact design with few moving parts with the consequence that it 
is relatively inexpensive to make. 
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An advantage of providing a ventricular assist device which is a pump in 
accordance with this invention is that it eliminates the use of valves which are a 
weak point in existing ventricular assist devices. Further the compact design of 
the pump enables its implantation in either the thoracic cavity or abdomen of a 
5 patient. Further the device can be operated in continuous or pulsatile mode 
and the rotor could be magnetically coupled to the drive means. Further it is 
envisaged that the implanted pump may be driven transcutaneously by an 
external power source without having tubing or wires passing through the skin 
of a patient. Finally a ventricular assist device according to this invention would 
10 be substantially less expensive than known ventricular assist devices. 

It is to be understood that various alterations, modifications, and/or 
additions may be introduced into the constructions and arrangements of parts 
previously described without departing from the spirit or ambit of the invention. 
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1. A vane-type rotary fluid displacing device including an external member 
co-operating with an internal member, the members being relatively rotatable 

5 about a common axis, the external member having an internal peripheral 
surface and the internal member having an external peripheral surface, the 
surfaces being opposed, one of which peripheral surfaces has a sinuous profile 
additionally including first and second arcs, the other peripheral surface having 
a substantially circular profile, wherein said member having the substantially 
10 circular profile has at least one diametrically opposed vane slidably received 
therein; 

said first arc having a radius of curvature fractionally greater than a 
distance from the axis of rotation to said external peripheral surface of said 
internal member; 

15 said second arc having a radius of curvature larger than that of said first 

arc by the extent of the maximum excursion of said vane beyond said other 
peripheral surface; 

wherein said vane is adapted to continuously contact and sweep the 
peripheral surface of the other member, such that upon relative rotation of the 
20 members, the or each vane slides in the member having said other peripheral 
surface as the vane sweeps said one peripheral surface; 

wherein the or each vane together with said peripheral surfaces form a 
plurality of chambers; and 

an inlet provided in one said chamber and an outlet provided in another 
25 said chamber whereby, in use, fluid may be drawn into said one chamber 
through said inlet and discharged from said other chamber through said outlet 
by the sweeping action of said or each vane. 

2. A device according to claim 1, wherein the external member is in the 
30 form of a housing, the internal peripheral surface of which has the sinuous 

profile to which has been added said first and second arcs, the internal member 
having substantially circular profile and a diametrally disposed vane slidably 
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mounted therein, the ends of which are adapted to continuously contact and 
sweep the internal peripheral surface of the housing. 

3. A device according to claim 1 or 2 wherein the internal member is a 
5 substantially cylindrical rotor. 

4. A device according to any one of claims 1 to 3, wherein the two arcs on 
the profile of the internal peripheral surface are separated by two half sine 
waves. 

10 

5. A device according to any preceding claim, wherein said internal 
member abuts or is adjacent to said internal peripheral surface along said first 
arc. 

15 6. A device according to any preceding claim, wherein said first arc is 
situated between said inlet and said outlet. 

7. A device according to any preceding claim, wherein said second arc is 
situated substantially diametrally opposite said first arc. 

20 

8. A device according to any preceding claim, wherein an inlet passage and 
an outlet passage extend outwardly and parallel to each other from said inlet 
and said outlet, respectively. 

25 9. A device according to any preceding claim, wherein said housing has the 
form of a flattened cylinder. 

10. A device according to any one of claims 3 to 9, wherein the housing has 
two chambers, each of which having said internal peripheral surface and the 
30 rotor and vane arrangement associated therewith. 
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11. A device according to any one of claims 1 to 10, wherein said external 
member is radially movable relative to said internal member. 

12. A device according to claim 11, further including resilient biasing means - 
5 for returning said external member to its original position after said radial 

movement. 

13. A device according to any preceding claim, wherein a roller is provided 
on the ends of the or each vane where they contact said internal peripheral 

10 surface of the housing. 

14. A ventricular assist device, including a vane-type rotary fluid displacing 
device according to any one of claims 1 to 13. 

15 15. Use of a device according to any one of claims 1 to 13, as a ventricular 
assist device. 

16. The use according to claim 15, wherein said device is located externally 
to the patient. 

20 

17. The use according to claim 15, wherein said device is used as a bridge 
to transplantation or in acute treatment for a failing heart. 

18. The use according to claim 15, wherein said device is implanted into the 
25 patient. 

19. The use according to claim 18, wherein said device is implanted into the 
thoracic cavity or abdomen of a patient. 

30 20. The use according to claim 18 or 19, wherein said device is operated by 
an electro-mechanical actuation means which transfers energy 
transcutaneously via an indication loop. 
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21. A vane-type rotary fluid displacing device, substantially as herein 
described with reference to any one of the embodiments shown in the 
accompanying drawings. 
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